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Spatial Effects: Binaural Simulation of the Doppler Effect 
Aim: 
The aim of this project was to source exiting MATLAB code which were able to take a 
single channel sound and reproduce it binaurally (over headphones) in a way that 
simulates the motion of a sound source in a straight line as it passes in front of an 
observer. 
To do so there needed to be an account of the Doppler Effect as well as the attenuation 
of level due to location of the sound source (to account for the distance between sound 
source and observer).  
 
Figure 1 shows the configuration of the simulation with the sound source shown to 
move from left to right in front of the observer. Input parameters are the speed of the 
sound source and the minimum distance that the source reaches as it passes directly in 
front of the observer as shown.  
Exclusions:  
This project does not consider Interaural Time Differences (ITD) or the effect of Head 
Related Transfer Functions (HRTF). Additionally, the project will consider the sound 
source to be located in a free field and hence no artificial reverberations will be added 
to the final signal.  
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FIGURE 1 - SIMULATION CONFIGURATION 
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Mathematical Specifications: 
Doppler Effect: 
For a stationary observer and moving sound source, the Doppler Effect is calculated 
using the mathematical formula: 
        
  
 
  
Where vs is the he radial component of the relative motion between the observer and 
sound source, c is the speed of sound, fs is the frequency of the sound source and fd is 
the apparent frequency of the sound source for the observer.  
The sound source may produce a range of frequencies so we consider the coefficient of 
frequency since all frequencies are affected linearly: 
  
  
  
⁄  
Where F is the frequency coefficient.  
Distance Attenuation: 
For distance attenuation, the following formula is used:  
    ⁄  
Where a is the attenuation factor and d is the distance between sound source and 
observer.  
MATLAB Implementation: 
The script dopplerScript.m reads the wave file of the air horn, siren or helicopter and 
calls the function dopplerDF. The function takes the single channel input and creates a 
two channel output with Doppler Effect and distance attenuation based on the input 
parameters of speed of sound source (in metres per second) as well as the distance 
offset of the observer and from line of sound source motion (in metres). While the 
sound source has a constant speed, its velocity relative to the observer is constantly 
changing due to change in location. This radial component is what it needed to account 
for the Doppler Effect and is found using trigonometry (see Figure 2).  
Speed → 
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FIGURE 2 - RADIAL COMPONENT OF RELATIVE VELOCITY 
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The resample function is used to alter the frequency of the input signal by first dividing 
it up into smaller sections that can be resampled separately and put back together.  
Next distance attenuation is applied. To account for Interaural Level Differences (ILD), 
the distance is measured from the left and right ear respectively in order to create a two 
channel output. The distance is calculated using trigonometry based on the location of 
the sound source (see Figure 3).  
 
The code is based on the work of Stefan Sullivan and Matt Montag as well as discussions 
on the MATLAB Central forums (see References).  
Appendices: 
Code: 
 dopplerScript.m 
 dopplerDF.m 
Input Sound Files 
 Air_Horn.wav 
 Siren.wav 
 Helicopler.wav 
Output Sound Files 
 Air_Horn_Doppler.wav 
 Siren_Doppler.wav 
 Helicopler_Doppler.wav 
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FIGURE 3 - DISTANCE USED FOR ATTENUATION 
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